Time-lapse analysis of ethanol's effects on axon growth in vitro.
The cortical abnormalities found in animal models of fetal alcohol syndrome (FAS) suggest a disruption of axon growth. After emerging from the cell body, axons exhibit saltatory growth, cycling between periods of extension and periods of retraction. The timing of neuronal process outgrowth an the balance between extension and retraction together determine the net rate of axon elongation, and may be independently regulated. In this study, we used time-lapse digital microscopy and custom-designed analytic software to assess the effects of ethanol on the growth of axons from embryonic rat hippocampal pyramidal neurons in culture during 24 h of development, beginning approximately 7 h after plating. We recorded the amount of time elapsed before axons emerged, the relative amount of time spent in periods of growth and nongrowth, and the rate and direction of change in axon length during both periods of growth and nongrowth. The initiation of axonal outgrowth was significantly delayed by ethanol in a dose-dependent fashion at concentrations in the medium at or above 100 mg/dl. However, once established, axons exhibited accelerated growth in the presence of ethanol. This increase in overall growth rate was primarily due to a significant decrease in axon retraction during nongrowth periods. Ethanol did not affect the duration or frequency of growth and nongrowth periods. We propose, therefore, that mechanisms underlying ethanol-mediated changes in axon growth are linked to signaling events that differentially regulate outgrowth and retraction.